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Specification of the epiblast and primitive endoderm is one of the earliest differentiation steps during
embryogenesis. In vitro tracking of pluripotency markers in ESCs suggests that epiblast specification may
be plastic; however, live imaging of blastocysts, as detailed in a recent paper from Xenopoulos et al
(2015), showed that, unlike in ESCs, fate commitment in vivo is largely irreversible.During embryogenesis, a fertilized egg
first cleaves symmetrically, which is fol-
lowed by compaction at the eight-cell
stage. The first differentiation event, the
formation of the trophectoderm (TE) and
the inner cell mass (ICM), occurs next
(Figure 1A). The second differentiation
event, the segregation of the ICM into
the pluripotent epiblast (EPI) that gives
rise to the whole body and the primitive
endoderm (PrE), an extra-embryonic line-
age, completes by embryonic day 4.5
(E4.5) in mice (Figure 1A). A recent study
in Cell Reports by Xenopoulos et al.
(2015) addressed the question of whether
this seemingly irreversible differentiation
is indeed stable or not, because it is
known that in embryonic stem cells
(ESCs) (the in vitro counterpart of the
EPI), the expression of the EPI-marker
Nanog fluctuates (Chambers et al., 2007;
Filipczyk et al., 2013; Faddah et al., 2013).
Within the embryo, the EPI is spatially
segregated from the extra-embryonic lin-
eages and a number of models have
been put forth to describe how this oc-
curs. The EPI/PrE segregation could be
achieved by (1) fate choice followed by
migration of the precursors to their final
destination, (2) fate choice followed by
apoptosis of cells located at inappropriate
positions, or (3) fate determination ac-
cording to position within the embryo.
Preceding studies by the authors’ and
other groups have shown that in the 32-
cell stage blastocyst (E3.25), the EPI-
marker Nanog and the PrE-marker
Gata6 are co-expressed, which then
become mutually exclusive and form a
‘‘salt and pepper’’ expression pattern by
E3.5 (Plusa et al., 2008; Chazaud et al.,
2006) (Figure 1A). These lines of evidence346 Cell Stem Cell 16, April 2, 2015 ª2015 Elexclude the possibility that fate choice is
determined by location within the embryo.
Live imaging by Plusa et al. further settled
the question: by utilizing PDGFRa as a
PrE-marker, they showed that precursors
of PrE emerge as early as the 8-cell stage,
PDGFRa expression becomes mutually
exclusive with expression of the EPI-
marker Nanog by E3.5, and the PrE-
marked cells then migrate toward the
blastocyst cavity, which is followed by
apoptosis of the remaining PDGFRa-pos-
itive cells in the EPI-layer by E4.5 (Plusa
et al., 2008) (Figure 1B, left). These obser-
vations suggested that the mutually
exclusive salt and pepper expression
pattern of Nanog and the PrE markers
not only specifies the cell lineages but
also may commit the cell fates.
In 2012, the group reported evidence
counteracting this hypothesis. They used
Pdgfra-H2BGFP reporter mice to visu-
alize the PrE cells, and the GFP-high and
GFP-low cells were isolated from different
stages of blastocysts. These cells were
transplanted into morula-stage embryos
and their contributions to the three line-
ages, including TE, were assessed. Inter-
estingly, the GFP-high and GFP-low cells
isolated from early or mid-stage blasto-
cysts, in which the salt and pepper
expression pattern was observed,
contributed to both EPI and PrE, indi-
cating that these cells were specified but
not committed to a particular lineage
(Figure 1B, middle). The GFP-high and
GFP-low cells derived from late blasto-
cysts, in which the spatial segregation of
EPI and PrE has already initiated, showed
a strong preference to contribute to PrE
and EPI, respectively, although some
conversion was observed. The GFP-highsevier Inc.and GFP-low cells derived from E4.5
blastocysts, in which the segregation
of EPI and PrE has completed, were
exclusively distributed within the PrE or
EPI, respectively, indicating that fate
commitment was completed (Figure 1B,
middle). These findings suggested that
the specification-established salt and
pepper pattern is still plastic and the irre-
versible commitment is accompanied by
positional segregation.
Following these studies, the authors
addressed the question of whether the
fluctuation of specified ICM cells is
observed during normal embryonic devel-
opment in vivo (Xenopoulos et al., 2015).
They generated a new Nanog-probe for
in vivo single-cell live imaging with suffi-
cient spatial and temporal resolution to
track the precursors of EPI. By coupling
the Nanog-probe with an automated cell
tracking system, they accurately plotted
the fate of each cell in the ICM at the
time of EPI/PrE segregation (around E3–
4.5). They found that once Nanog expres-
sion levels were segregated to establish
the salt and pepper pattern in early blasto-
cysts, they did not fluctuate in vivo and
were most likely maintained during spatial
segregation of EPI and PrE by E4.5 blas-
tocyst. Due to the resolution of the moni-
toring system, they were able to reveal a
rarely occurring fate conversion from PrE
to EPI; however, conversion from EPI to
PrE was never observed. This means
that even at a resolution that could detect
PrE to EPI transitions, the stability of EPI
was confirmed. This observation is in
agreement with the group’s previous
work showing higher plasticity of the
PrE-precursor as compared with the
EPI-precursor (Grabarek et al., 2012).
Figure 1. Schematic of EPI/PrE Segregation
(A) Scheme of ICM development. At early stages, overlapping expression of the EPI-marker (Nanog) and
PrE-marker (Gata6) is observed, which subsequently becomes a mutually exclusive ‘‘salt and pepper’’
pattern (Chazaud et al., 2006; Plusa et al., 2008). At this time the lineage is specified but not committed
(Grabarek et al., 2012; Figure 1B, middle). After segregation by E4.5, the cells are finally committed to
EPI and PrE fates.
(B) Outline of the series of works challenging EPI/PrE segregation. In 2008, it was shown that PrE-precur-
sors migrate toward the blastocyst cavity, which is followed by apoptosis to complete the segregation
(Plusa et al., 2008). In 2012, using the same probe that labels the PrE-precursor, Grabarek et al. (2012)
showed that at early/mid-blastocyst stage, EPI-precursors and PrE-precursors can convert to alternative
fates even after the expression of specific markers has commenced. PrE-precursors were more plastic
compared with EPI-precursors. They are fate committed at E4.5, as shown by the irreversibility of the
marker-specified cells. In 2015, by developing a new probe that labels the EPI-precursor, Xenopoulos
et al. (2015) showed that a rare fate conversion occurs from PrE to EPI, but not in the opposite direction.
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PrE is finalized by rapid proliferation of
the EPI-precursors at the inner layer
together with selective apoptosis, which
ensures that segregation occurs without
fluctuation.Taken together, this body of work
shows that although fluctuations in cell
fate are observed in the artificial context
of ESCs, the specification of EPI and PrE
precursors in early blastocyst is rather
stable in a physiological context. This sta-Cell Stem Cebility may simply occur as a result of the
short timeframe that is allotted for the
transition from specification to commit-
ment during embryonic development
in vivo. Alternatively, mutually exclusive
action of the FGF signal that is produced
by EPI and received by PrE may confer
stability to what could be considered a
fragile specification stage. It will be inter-
esting to address this question next. In
summary, these findings reveal that
plasticity is a unique characteristic of
mammalian regulatory development, but
embryonic development is remarkably
fixed. The observations reported by Xeno-
poulos et al. on the second differentiation
event in mammals are a good example of
how these two features are compatible.REFERENCES
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